The article deals with the analysis of alien species in local floras of the Voronezh region Nature Reserve Fund. The Voronezh Region is located on the border of the forest-steppe and steppe zones. 16 Model Protected Areas (PAs), having a different conservation status and a various size, have been chosen for the analysis. The article attempts to assess: a) the degree of biological contamination of PAs that protect forest-steppe and steppe ecosystems; b) features of the alien fractions of the PAs' flora of various categories. The characteristics of PAs with respect to the possibilities and conditions for the invasion of alien species of vascular plants are given. The alien fraction of the PAs' flora comprises 262 taxa: 255 species, 5 hybrids, 1 subspecies and 1 variety, referring to 178 genera and 66 families. For the typological analysis, alien species were divided into groups in accordance with the time of the invasion, the way of invasion and the naturalisation level. The average proportion of invasive species in PAs floras is 11.1% (in different local floras it varies from 4.4% to 16.8%). When considering stable flora elements only (excluding ephemerophytes and colonophytes), then the PAs' local flora contamination ratio will make the average of 6.1% (from 3.5% to 8.9%). The largest number of alien species is noted in the floras of state reserves and state nature sanctuaries, regional PAs are characterised by a smaller proportion of alien plants. The analysis of the ways of alien species' invasion has shown that human activity on introduction of plants makes an important contribution to the replenishment of the alien flora in protected areas: 31.7% of alien species had left the cultivation area, 15% were deliberately planted in the PAs. Transformer plants are of the greatest coenotic significance, out of 19 such alien species 11 are xenophytes, the other 8 species are ergasiophytes. The conclusion is made about the necessity to move from the monitoring of alien species to practical work on managing the process of alien plant invasion in state reserves.
Introduction
There has been much speculation and debate on the problem of biological pollution of floras with alien plant species (= adventive species) over the last hundred years. In recent decades, a lot of efforts have been made to create databases of alien plants and compile lists of alien species of different local and regional floras, floras of particular countries and even continents. Nowadays, the world community considers the issue of biological pollution globally acute and believes that various alien plant invasions do pose a threat to biodiversity, indigenous ecosystems, resistance of biological resources and human health (McNeely et al., 2001; Vinogradova et al., 2010) . This problem is especially urgent in Protected Areas (PAs), of which the main purpose is the conservation of biological diversity. In this regard, the number of publications devoted to various aspects of introduction of alien species into the PAs' floras has recently increased.
Data were synthesised for PAs of different countries and continents (Pyšek et al., 2003; Allen et al., 2009; Foxcroft et al., 2013 Foxcroft et al., , 2017 . Many countries are actively working in the field of biological invasion management in PAs (De Poorter et al., 2007; Monaco & Genovesi, 2014) . Scientists call for improvement of management interventions, aimed at reducing the extent and magnitude of invasive plants impacts in PAs, including monitoring trends, as well as revising legislation and policies (Foxcroft et al., 2013) .
In Russia, the most active studies on the issue of biological invasions have been conducted during the last two or three decades. Issues of floral pollution of various territories are discussed at all-Russian and international forums. Numerous reports on the appearance of new alien species have been published, lists of alien plants in local and regional floras are compiled. A number of generalisations on alien species in the composi-tion of regional floras and the analysis of the alien flora of European Russia were made (Morozova, 2003; Morozova et al., 2008) . A Black Data Book of the flora of Central Russia (Vinogradova et al., 2010) , as well as Black Data Books and Black Lists of individual regions of our country are published. The influence of the alien plant species on the PAs' floras in the European part of Russia has been assessed, the analysis covered 37 nature reserves (Morozova & Tsarevskaya, 2010) . The scope of published resources that consider the problem of alien species' introduction into plant communities, including PAs, is quite comprehensive. Besides, there is a necessity to estimate the level of biological pollution of the floras in PAs of different categories and of PAs' floras that belong to particular biomes (a group of ecosystems belonging to a particular natural-climatic zone) (Foxcroft et al., 2017) and the resistance of PAs' floras to biological invasions. That proves the analysis of the alien floras fractions in nature PAs representing particular biomes to be highly significant and acute.
It should be noted that currently in the Russian PAs the problem of biological invasions in PAs' ecosystems is ignored, the threat to biological diversity is underestimated, and the PAs' management in connection with alien species invasion is not discussed. A similar situation is described in detail for Ukraine (Burda, 2014) .
The present work attempts to estimate the participation of alien species in local floras of the Voronezh region Nature Reserve Fund (NRF) -PAs of different categories, which represent the ecosystems of steppe and forest steppe biomes. This generalisation allows us, on the one hand, to estimate the background level of biological contamination of forest-steppe ecosystems and the reference importance of Pas. On the other hand, as a result of the survey, we achieve material for analysing the characteristics of biological invasions in PAs of different categories and for developing measures to prevent the introduction of alien species into specific PAs and into specific ecosystems.
Material and Methods
The Voronezh Region Nature Reserve Fund (NRF) comprises 199 objects in total. These include 2 state nature reserves, 15 nature sanctuaries (2 federal-level and 13 regional-level nature sanctuaries), 1 regional-level nature park, 1 botanical garden, 179 natural monuments (177 regional and 2 local) and 1 local-level landscape garden (Negrobov, 2001 ; Report on environmental situation, 2015). The model PAs are the following ( Fig. 1 ): state nature reserves (Voronezh State Nature Biosphere Reserve and Khoper Nature Reserve), state federal-level nature sanctuaries (Voronezhsky and Kamennaya Steppe) , an open-air museum of architecture and archeology (Divnogorye) with conservation areas within its boundaries, and a regionallevel nature sanctuary (Voronezh uphill oakery). The regional-level natural monuments have been selected according to their type (biological, aimed at protecting nature conservation areas) and level of floristic exploration (conditioned by presence of floristic lists). The paper does not analyse arboretums and botanicаl gardens located in the region, as they are artificial areas intentionally created to cultivate alien trees and bushes.
The 16 selected model objects cover a total area of 843.609 km 2 . The data considering the time of their establishment, area, geographical and municipal location are represented in Table 1 .
The analysis of the vascular plant floras of the model PAs is based on published flora lists and supplements thereto, as well as on the original material supplied by the authors of the present work who had examined the major part of the mentioned PAs. The most thoroughly studied floras are the ones of the Voronezh Nature Reserve and Khoper Nature Reserve. Correspondingly, annotated lists have been compiled (Golitsyn, 1961; Starodubtseva, 1999; Tzvelev, 1988) , which are being regularly updated (Neskryabina & Pechenyuk, 1997 Pechenyuk, 1997; Rodionova, 2000; Starodubtseva, 2007 Starodubtseva, , 2011 Starodubtseva, , 2012 Starodubtseva, , 2013 . Typical floras of nature sanctuaries have also been studied for quite a long period of time (Kamyshev, 1953 (Kamyshev, , 1971 Golitsyn, 1961; Starodubtseva, 1999; Agafonov, 2004; Grigoryevskaya et al., 2004 Grigoryevskaya et al., , 2008 Barabash et al., 2008; Lepeshkina, 2012) . This material, together with the authors' own research, formed the basis for general floristic lists of the PAs. The data for Voronezhsky Nature Sanctuary were provided by E.A. Starodubtseva, and for Kamennaya Steppe by A.Ya. Grigoryevskaya and E.S. Gamaskova. The other PA flora studies were conducted within sporadic expeditions during 1-3 field seasons (Chernobylova et al., 2000; Agafonov, 2003; Prokhorova & Grigoryevskaya, 2007; Grigoryevskaya & Zelepukin, 2013 ). An exception is Khrenovskaya Steppe, where several generations of botanists used to work (Kamyshev, 1955 (Kamyshev, , 1971 Kozhevnikova & Chagarnaya, 1986) . To compile the alien species database, plants were registered which grow directly in the PA (by contrast, species noted as present in the buffer zones around reserves were not included). Besides, we took into account the fact that some PAs include cordons, vegetable gardens, ordinary gardens, arboretums, or field-protecting shelter belts, as in the case of Kamennaya Steppe nature sanctuary. It is worth noticing that alien plants cultivated or growing wild in these artificial territories have not been included on the list of PAs' alien flora. The present article analyses data on the alien flora of the Voronezh region PAs available before 1 January 2015.
During the research, scientists followed such traditional methods of flora analysis as taxonomic, typological, comparative and statistical. All the information collected was processed in a Microsoft Excel matrix table. A typological analysis has been carried out according to classification categories of alien species outlined in «Adventive flora of Voronezh region» (Grigoryevskaya et al., 2004) . The groups of alien species were defined according to their invasion time, i.e. the time of their appearance in the region. Thus, archaeophytes appeared before the end of the 17th -at the beginning of the 18th century, then follow neophytes that appeared between the beginning of the 18th and the first decade of the 20th century, and euneophytes (after the first decade of the 20 th century). There are also several groups defined in accordance with the way of invasion: xenophytes, i.e. species that appeared in the region spontaneously; ergasiolypophytes, i.e. alien plants specially planted by man into the natural environment or natural-artificial areas; ergasiophygophytes, i.e. alien species that left its places of cultivation. The terms «ergasiophygophytes», «er-gasiolypophytes» and «xenophytes» were proposed by Rikli, (1903 ), Thellung (1918 -1919 , Holub & Jirasek (1967) ; these terms are widely used in publications devoted to the study of alien species (e.g., Ponert, 1977; Grigoryevskaya et al., 2004) . In terms of naturalisation level the alien species were divided into four groups: 1) ephemerophytes -non-naturalised plants, each appearance of these species is associated with a new propagule introduction. In the classification of the alien species' invasive status (Richardson et al., 2000) , this group corresponds to «casual alien plants»;
2) colonophytes -species that are growing in the invaded area for quite a long period, they are reproducing, but not spreading further. This group corresponds to «naturalised plants» (Richardson et al., 2000) ;
3) epecophytes -species that are naturalised and spreading in plant communities in secondary habitats; 4) agriophytes -species that are naturalised and spreading in natural and close-to-natural plant communities.
The third and fourth group of alien species correspond to «invasive plants» and «transformers» by Richardson et al. (2000) . We do not consider in detail the issues of alien species terminology and classification in our article, since a large number of publications have been devoted to this topic (see Pyšek et al. (2002a) , Grigoryevskaya et al. (2004) , Vinogradova et al. (2010) for a discussion on terminology).
In general, the nomenclature follows «Flora of the European part of the USSR» (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , «Flora of Eastern Europe» (Tzvelev, 1996 (Tzvelev, , 2001 (Tzvelev, , 2004 , «Flora of Middle belt of the European part of Russia» (Maevskiy, 2014) , except for a few species that are absent in these publications. The total list of species and their distribution in PAs are presented in the Appendix. The Jaccard similarity coefficient was used in order to compare the alien floras of the Central Russian forest-steppe NRF objects.
Results and Discussion
Representation of the model NRF objects in the Voronezh region with relation to ecosystems and floristic diversity. While analysing the biodiversity of the Voronezh region and the processes of alien plant introduction into the ecosystems, it should be noted that the south boundary of the forest steppe zone runs directly through the territory of the Voronezh region. In fact, the way this line is drawn varies in the botanical and physiographic zoning of the territory (as shown in Table 2 ).
According to the phytogeographical zoning there are two provinces in the Voronezh region: 1) The Eastern Europe forest steppe province, represented by the Central Russian (Upper Don) subprovince, and 2) The Black sea steppe province, represented by the Middle-Don subprovince. The boundary between forest steppe and steppe runs through Ostrogozhsk and Liski, then further following the 51° latitude. The zonal ecosystems of forest steppe biome include oak forests, forb-fescue-feather grass steppes and aspen bushes; pine forests occupying the sandy left bank fluvial terraces represent the azonal type of ecosystems. The steppe biome is represented by forb-fescue grass steppes.
The physiographic zoning «moves» the boundary of forest steppe and steppe zones to the very south of the Voronezh region (to the south of 50° N), marking out two forest steppe provinces (in the Oka-Don Lowland and in the Central Russian Upland) and one steppe province (in the Central Russian Upland) in the territory of the region (Fedotov, 2013) . Within the landscape zoning these territories belong to the Central Russian chalky and Oka-Don sandy-argillaceous landscape-ecological areas; according to the soil-geographical zoning they belong to the province of moderately freezing black soils of forest steppe and to the province of grey forest steppe soils (Akhtyrtsev & Akhtyrtsev, 1993) .
Representing most of the physiographic regions of the Voronezh region, the model PAs reflect the diversity of zonal and azonal landscapes of typical and south forest steppe, including native and derived plant communities with different regimes of natural resource management and reflecting the diversity of regional flora of vascular plants by over 90% (see Table 3 ).
Within the floristic zoning the explored territory belongs to the Holarctic Kingdom, the Boreal Subkingdom, the Circumboreal floristic region, the Eastern European Province (Takhtajan, 1978) . When considering the systematic structure of the regions' flora of the Central Black Earth Region Bukhalo (1989) chose the Central Black Earth subprovince as a subdominant unit within the floristic province, and as for the territory of the Voronezh region, he included it in the South Central Black Earth floristic region.
Nature Reserve Fund characteristics: facilities and conditions for invasion of alien vascular plant species. The NRF of the Voronezh region is located in the region of intensive economic use. According to the 2015 Rosstat (Russian Federal State Statistics Service) report, the regional population density is 44.6 people per km 2 , with the urban population accounting for 66.9%. Wooded lands in the region account for 8.8%; cultivated lands account for 55.6% in the general structure of land resources, urban land occupies 8.9% of the total area of the region (Report on environmental situation, 2015). Under such conditions, all specially PAs (PAs account for 3.17% of the land resources) can be compared to so-called "islands" isolated amid anthropogenic landscapes. The Nature Reserve Fund of the Voronezh region includes PAs of the federal and regional levels with different regimes of natural resource management: from total removal from the anthropogenic activities (nature reserves) to limited and controlled of economic activities (nature sanctuaries and natural monuments). Today's State Nature Reserve Activity Regulations prohibit anthropogenic activities in these territories, but the existing Voronezh region reserves were initially founded in areas that had already suffered from a considerable human impact. Primarily, these areas were set up as preserves aimed at protecting certain animal species from being hunted, and for a long period they had been feeling the anthropogenic impact (approximately until the early 1980s), such as purposive introduction of alien species of plants and animals, as well as the conduct of biotechnical, forestry and other activities. Such sources and ways of species distribution as roads and railways, populated places or agricultural fields, located within reserves or nearby provide favourable conditions for alien species invasion. From this point of view, the level of protection against alien species in the reserves does not differ from the one in nature sanctuaries or natural monuments. Furthermore, the conduct of economic activities during the preservation period eliminates the difference between state nature reserves (with longer terms of preservation regime) and other PAs (Voronezh Nature Reserve was established in 1923, Khoper Nature Reserve -in 1935, most natural monuments -in 1969). The differences in the PA categories that are meaningful for biological invasion analysis include the following: a) size of the territory: nature reserves normally occupy an area from 160 km 2 to 310 km 2 , nature sanctuaries -from 50 km 2 to 230 km 2 , natural monuments -from 0.012 km 2 to 2.000 km 2 (see Table 1 ); b) visiting regulations: reserves do not allow free access and recreation whereas nature sanctuaries and natural monuments do.
Special mentioning should be made of federallevel nature sanctuaries. The Voronezhsky Nature Sanctuary was primarily established as a hunting reserve; geographically it is located in the south of Usman Pine Forest and it belongs partially to the administrative boundaries of Voronezh Urban Okrug. The River Usman, which flows through the territory of the nature sanctuary, and a small part of the River Voronezh, are traditional relaxation areas for the people from Voronezh. There are children's health camps and recreation camps on the banks of the River Usman. There are also populated places within the boundaries of the nature sanctuary. Generally, this area is characterised by a long history of natural resource management; at present more than one hundred tracts of land within the boundaries of the nature sanctuary are rented out for forestry activities, agriculture, recreation and other activities.
The Kamennaya Steppe Nature Sanctuary enjoys a special status. At the end of the 19th century, a unique experiment of steppe farming protection from storms and droughts was set up in this territory. In one of the most arid regions of Central Russia, the development of optimised south forest-steppe agrolandscape began under the supervision of V.V. Dokuchaev. As a result, a system of field-protecting shelter belts and ponds was developed; two arboretums were founded, in 1927 and 1929 correspondingly, and the introduction of tree and shrub species began; different methods of steppe vegetation conservation (e.g. haying, total conservation) were applied on steppe tracts and abandoned fields. The attempts to establish PAs in Kamennaya Steppe had been made since the 1930s, when a preservation regime for some stows was introduced, but it was only in 1996 when a federallevel nature sanctuary was founded. The sanctuary is complex targeted; it has agroecological specialisation and is designed for preservation and reconstruction of environmentally protecting anthropogenic forestagricultural landscapes, as well as for preservation of endangered animal species and their habitat. The Kamennaya Steppe has become one of the main centres of tree and shrub species' introduction in the Central Black Earth region. It was here where plans of fieldprotecting shelter belts' creation were developed, the species composition of these woodlands was selected, with more than two hundred invasive tree and shrub species tested for these purposes.
In the 1940-1950s Stalin's plan for "transformation of nature" was carried out not only by specialised organisations and forestries but also by state reserves of the Voronezh region, delivering seed and planting material of both local trees and shrubs and alien species, grown in nurseries to create field-protecting shelter belts along the roads, fields and gullies. According to Mashkin (1952) , 430 introduced species of trees and shrubs were grown in the Voronezh region in the 60s of the last century; the data by Egorov et al. (1967) showed that alien taxa make up 20-75% of the dendroflora of shelter belts. The effectiveness and productivity of shelter belts were increased by the introduction of alien fast-growing tree species, fruit and nut crops, such as Acer negundo L., Fraxinus lanceolata Borkh., Amelanchier spicata (Lam.) K. Koch, Juglans cinerea L. On medium-and deephumified sandy soil woodlands such species as Larix sibirica Ledeb., Cotinus coggygria Scop., Lonicera tatarica L., Robinia pseudoacacia L., Sambucus racemosa L. had been established. Protective afforestation altered the image of forest steppe fundamentally and enriched this biome by a number of alien species. According to the latest research, more than 40 introduced tree and shrub species have become invasive on the territory of the Central Russian forest steppe (Lepeshkina et al., 2014) .
The analysis of the alien flora fraction of the Nature Reserve Fund. It was revealed that the model PAs' flora consisted of 262 alien taxa: 255 species, 5 hybrids (Aster × salignum Willd., Fragaria × ananassa (Weston) Duch., Medicago × varia T. Martyn, Populus × berolinensis (C. Koch) Dipp., Tulipa × hybrida hort.), 1 subspecies (Larix decidua Mill. subsp. polonica (Racib. ex Wόycicki) Domin), 1 variety (Phalaroides arundinacea var. picta Tzvelev), which refer to 178 genera and 66 families. In the quantitative analysis of the PAs' alien flora, hybrids, the subspecies and the variety were taken into account on a par with species. The gymnosperms are represented by two families; among the angiosperms 9 families represent the class of Monocotyledons, and 55 belong to the class of Dicotyledons. The number of alien species in the flora of the Nature Reserve Fund of the Voronezh region makes up 58% of all alien flora of the region (Grigoryevskaya et al., 2004) . 15 Families (22%) out of the 66 families of the alien flora are completely alien. These are: Amaranthaceae, Anacardiaceae, Araliaceae, Cucurbitaceae, Elaeagnaceae, Hippocastanaceae, Hydrangeaceae, Hydrophyllaceae, Juglandaceae, Oxalidaceae, Portulacacae, Rutaceae, Schisandraceae, Vitaceae, Zigophyllaceae.
The first six leading families in the alien flora of Voronezh PAs correspond to the six leading families of alien flora of European Russia , as shown in Table 4 . Seven leading families are similar to the leading families of the alien flora of the Voronezh region. They contain 51% of all alien species of the Nature Reserve Fund. It is also important to mention that the main difference between the flora of the three leading groups of PAs and the flora of the European part of Russia is that PAs contain the family Rosaceae. This family mainly includes tree and shrub plants that were deliberately grown on the PAs (ergasiolypophytes) or that have left the cultivation zone (ergasiophygophytes). Ch 3 1 -according to Morozova et al. (2008) . 2 -according to Grigoryevskaya et al. (2004) . 3 -the number of species;
4 -due to a small number of alien species for every steppe natural monument an analysis was made of the general list of alien species. Additionally, an analysis was made of the alien flora list of Khrenovskaya Steppe, as the most numerous. NM -natural monument. = -the family in this column and the family in the neighbouring column contain the equal number of species, but the number of genera in the first one is larger; Ac -Aceraceae, Am -Amaranthaceae, Ap -Apiaceae, As -Asteraceae, Br -Brassicaceae, Cap -Caprifoliaceae, Car -Caryophyllaceae, Ch -Chenopodiaceae, Fa -Fabaceae, Cu -Cucurbitaceae, Gr -Grossulariaceae, La -Lamiaceae, Le -Lemnaceae, Ma -Malvaceae, Ol -Oleaceae, On -Onagraceae, Pi -Pinaceae, Pg -Polygonaceae, Po -Poaceae, Ro -Rosaceae, Sa -Salicaceae, Sc -Scrophulariaceae, So -Solanaceae.
The next three leading families are Brassicaceae, Chenopodiaceae, Fabaceae, which are indicative of xerophilous properties of the flora. The peculiarity of the regional alien flora is the presence of Pinaceae in the spectrum of leading families. This is the result of introduction of many coniferous species, including their introduction into nature reserve territories. The alien flora of Voronezh PAs differs from the European and regional flora in the absence of Apiaceae and a higher proportion of Salicaceae.
As a result of the analysis of the leading families in the local floras of particular PAs the following peculiarities were witnessed:
In most PAs that perform forest ecosystem protection, the Rosaceae are the leading family. Kamennaya Steppe Nature Sanctuary has the highest rate of Rosaceae taxa. A high proportion of the Pinaceae is exclusively due to the contribution of reserves (Voronezh Nature Reserve mainly, and Khoper Nature Reserve to a lesser extent), in the territories of which various species of coniferous tree used to be cultivated. Within the range of the leading families of protected steppe ecosystems, the Chenopodiaceae is in the first four. In Kamennaya Steppe Nature Sanctuary, on the territory of which there are steppe plots and deposits, this family ranks fifth. It is interesting that in the Khoper Reserve, the Chenopodiaceae take the third position in the range of the leading families; apparently, this is conditioned by the natural and climatic conditions of the territory and peculiar features of the local flora.
In the composition of the alien flora, 177 genera are found, with more than half of them (103 genera, or 58% of the total number) being alien. The generic spectrum is headed by Amaranthus, which includes 6 species, 5 species are noted in Atriplex and Pinus, four species are represented by Populus, Salix, Sedum, Setaria and Xanthium, the remaining genera contain 3 or less alien species. It is characteristic that half of the genera leading in the number of species are the ones whose specific saturation is associated with a deliberate introduction: Pinus, Populus, Salix, Sedum.
An analysis of the alien species list according to the ratio of life forms demonstrates the prevalence of annual and biennial grasses (46.2% in total); the second position is taken by perennial grasses (23.7%), trees account for 15.6% of the alien flora, shrubs comprise 12.6%, 5 species (1.9%) refer to the life form of lignified lianas.
A typological analysis of the Nature Reserve Fund alien flora according to the time of invasion shows a clear predominance of euneophytes -this group of species accounts for 73.7% of the entire alien flora. The proportion of ancient aliens is only 9.5% (see Table 5 , Fig. 2) .
A similar ratio was noted for the alien flora of the Voronezh region, where the proportion of archaeophytes was 7.8%. The number of alien species that appeared in the flora over the last 100 years is 4.6 times larger than the number of aliens of the previous three centuries. Naturally, the intensity of floristic surveys of the regional flora in the last 100 years is much higher than before. In addition, perhaps, we do not take into account all ancient species being invaders. Thus, in the Nature Reserve Fund the alien flora of the plains of Ukraine, the proportion of archaeophytes reaches one-third (Burda et al., 2015) . In the alien flora of three PAs of the Middle Volga region, the proportion of archaeophytes reaches 64.3% (Dronin, 2014) . This is explained by the fact that some botanists consider a fairly large group of species to be archaeophytes, which we consider as part of the autochthonous element of the flora (Grigoryevskaya et al., 2004) .
The list of the alien flora found in the Voronezh region NRF shows that 42% of the species appeared in the PAs as a result of spontaneous invasion, a third of the species have left the cultivation zone, and 15% were deliberately planted in these territories. Alternatively, these plantations have been preserved since the time when the territories did not have the status of PAs yet. For seven species (2.7%) there is no exact information about the way of their occurrence in PAs (Fig. 3) . 22 Species (8.4%) represent a mixed type of invasion. These are the plants that were deliberately planted in some PAs, thus demonstrating themselves as ergasiolypophytes, and the ones that left the cultivation zone in other PAs. Another example concerns species originally planted in some PAs which later left the cultivation zones and are now being transferred spontaneously from the secondary habitat by natural agents (Acer negundo, Amelanchier spicata). Thus, the appearance of the majority of alien species (55%) in the PAs is associated with purposeful human activity aimed at the introduction of plants.
The most important characteristic of alien species is the degree of naturalisation, which indicates the success of their introduction and resettlement in ecosystems. In the Voronezh region NRF, unstable secondary areal species, such as ephemerophytes and colonophytes, account for 51.6% of the alien flora (Fig. 4) . Ephemerophytes constitute a large group (68 species) of mainly annual herbaceous plants grown in the region as cereals, vegetables, fodder crops and ornamental plants. The group of ephemerophytes also includes certain weeds that harm the previously mentioned plants. A quarter of the alien flora (57 species) are colonophytes. These are mainly trees and shrubs planted before the formation of the reserves or during the period of their existence. Due to a long life span, such plants continue growing on the same sites for several decades without extending to other areas by self-sowing. Some species have already disappeared from the flora in this area. In the Voronezh Nature Reserve, for instance, a number of tree and shrub species died after several years or even decades after planting. These include Aralia elata (Miq.) Seem., Cotinus coggygria, Elaeagnus angustifolia L., Hippophaë rhamnoides L., Juglans cinerea, Lespedeza bicolor Turcz., Pinus banksiana Lamb., P. koraiensis Siebold & Zucc. Some perennial herbaceous species, e.g. Muscari neglectum Guss., and Paeonia lactiflora Pall., which had long existed in secondary habitats, have also disappeared (Starodubtseva, 2013) . Such colonophytes as Chaenomeles japonica (Thunb.) Lindl. ex Spach, Syringa vulgaris L., Tulipa × hybrida are found in forest clearings where forest protection cordons used to be located. Similarly, plants of Caragana arborescens Lam. are occasionally found in artificial pine forests, where they had been planted to enrich the soil with nitrogen.
One-third of all alien species have been naturalised in disturbed and secondary habitats. According to the time of invasion, euneophytes prevail (74.5%) among epecophytes. As for the way of invasion, the prevailing plants are xenophytes (69%). Slightly more than a quarter of the epecophytes (26%) The group of agriophytes comprises 46 species (17.6% of the entire alien flora). In general, this group is rather heterogeneous in terms of plant occurrence within the NRF territory and their phytocoenotic significance in the composition of plant communities. Most of the agriophytes (24 species) are found in the flora of one or two PAs only; 9 species occur in 3 PAs, 3 species are registered in 4 PAs, 6 species are found in 5 PAs, and 4 species occur in the flora of 6 PAs. There is a tendency of increasing in the proportion of species characterised by a high degree of naturalisation (agriophytes), from archeophytes (8%) to neophytes (16.6%) and euneophytes (18.7%); at the same time, there is a significant reduction in the proportion of ephemerophytes: 64% -26% -21%, respectively. As for the ancient aliens, only two species got assimilated in natural communities: Salix fragilis L. and Acorus calamus L. At the same time, it is worth noting that whereas the spontaneously spread Acorus calamus occurs in Divnogorye only as «a rare species, sometimes in considerable numbers» (Chernobylova et al., 2000) , Salix fragilis is a common species of floodplain communities in some PAs (Voronezh Nature Reserve, Voronezhsky Nature Sanctuary and Khoper Reserve). That is due to a mass planting in order to provide a beaver feeding source in the first half of the 20th century. As for neophytes, seven species have got naturalised in natural plant communities, and there are 36 species of this type among the latest «newcomers» of the 20 th century. An important regularity that characterises the process of flora adventisation in the Voronezh region is that ergasiophytes predominate among the species naturalised in natural communities, while xenophytes predominate among the alien species naturalised in secondary habitats and disturbed communities (Fig. 5) . This indicates that the PAs plant communities still maintain resistance to spontaneously spreading alien species, but are not able to resist the penetration of species specially selected for cultivation in forest-steppe climatic conditions. Special attention should be paid to transformer species, i.e. alien plants, which get actively introduced into plant communities, modifying the physiognomy and nature of ecosystems and change succession links. Such plants are able to become edificators, forming monodominant communities and preventing the renewal of species of the natural flora. Among the agriophytes found in PAs, the following 13 species are characterised as transformers: Special consideration has to be given to the situation on the territories of state reserves. Thus, the forest inventory conducted in 2013 in the Voronezh Reserve, revealed the presence of forest plots where the predominant species are Robinia pseudoacacia and Acer negundo. The forests where Acer negundo forms the lower arborescent stratum were described. In Khoper Nature Reserve this species has already spread within all floodplain forests, pine forests on the left-bank terraces of the River Khoper, oak forests and among ash trees on the right bank slopes and ravines (Neskryabina et al., 2012) . Another species that changes the look of the floodplain forests and meadows of the Khoper reserve is Parthenocissus inserta; similarly, P. quinquefolia becomes a component of pine forests in the outskirts of the Voronezh Reserve. In both reserves, Bidens frondosa has now become a common species as well (Neskryabina et al., 2012) .
In addition to transformer species, Cerasus vulgaris Mill and Ulmus pumila L. also possess a high invasive potential. These species are found in practically all forest-protecting PAs. They are rarely encountered in natural phytocenoses, but in secondary habitats, the frequency of their appearance is much higher.
Special features of alien fractions of local floras in model PAs. In the Voronezh Region, from 10 to 174 species are registered in the local flora of the specially protected natural areas. The proportion of the alien fraction is averaged to 11.1%, varying from 4.4% to 16.8% (see Table 3 ). The proportion of alien species in the PAs of Europe is within the range of 0-18% (model PAs of France (3 PAs), the United Kingdom (3), Czech Republic, Germany, Italy, Portugal (1 PA in each country) were included in the analysis). 40% Of alien species are reported only in the flora of Sefton Coast PA (UK); scientists explain this by including also casual alien plants . The proportion of alien species in PAs of the Czech Republic is averaged to 6.1% (0-25%), while 11.6% of all nature reserves with different nature protection status (out of 302 surveyed) are free from any alien species (Pyšek et al., 2002b) . In the 37 reserves of European Russia, the proportion of alien species ranges from 1.6 to 21.8%, which makes the average of 8.5% (Morozova & Tsarevskaya, 2010) . Higher rates were recorded in the Nature Reserve Fund of the forest-steppe part of Ukraine, where the proportion of alien species averaged to 16% (from 9 to 28%) (Petrovich et al., 2014) . The proportion of alien species in the forest-steppe and two steppe nature monuments of the Middle Volga region is 12.3%, 13.2% and 8.7%, respectively (Dronin, 2014) . A higher proportion of alien species in the local flora of the forest-steppe and steppe PAs of Ukraine and the Middle Volga region in comparison with the PAs of the Voronezh region is mainly due to the different understanding of the volume of the archaeophytes group (this has already been noted above). Thus, the proportion of alien species in the local flora of the Voronezh Region PAs is slightly higher than the average in the flora of the European PAs and comparable to the data on the flora of PAs protecting forest-steppe and steppe ecosystems.
Most alien species are registered in the flora of state reserves and state nature sanctuaries. This is due, on the one hand, to the fact that these PAs occupy a large area and are therefore characterised by a higher ecotopic and ecosystem diversity. On the other hand, in the Voronezh Region state reserves intensive economic activity, including intentional enrichment of protected natural complexes with alien species had been conducted for a long time. A greater number of alien species in the reserves is also due to annual monitoring of biological diversity conducted in these territories for many decades. The degree of flora familiarisation and the proportion of identified alien species is much higher here than in places, where surveys were conducted just occasionally.
The analysis of the local flora of the Voronezh PAs (Fig. 6 ) that included the proportion of stable alien species (epekophytes, epeko-agriophytes and agriophytes) only, allows to take into account that a significant number of alien ephemerophytes previously found in the reserves have now disappeared from the reserves' flora (Starodubtseva, 2016) . At the same time, the proportion of alien species in the protected flora is rather low, averaging to 6.1% (from 3.5% to 8.9%).
Most of the alien species are not widely distributed in the PAs: 100 species (38% of the total alien flora) has only been found in one PA; 63 species (24%) are registered in two PAs. Polygonum aviculare L. is the only species found in every model PA. 27 Species show a high stability of occurrence (50% or higher) in the PAs' floras. Generally, these are widely spread weeds and ruderal xenophytes (see Table 6 ), however Acer negundo, a North American alien transformer species, also shows a high occurrence stability and can be found in 11 of 16 model PAs. According to the similarity of the alien flora lists, the model PAs can be divided into three groups. The first group consists of the alien flora found in steppe nature monuments (Khrenovskaya Steppe, Krasnyanskaya Steppe, Volokonovskaya Steppe, Khripunskaya Steppe, Hillslopes by Vladimirovka settlement). These areas demonstrate the highest similarity index (0.42-0.68). The second group includes the typical foreststeppe nature monuments of Pridonskoy chalk region (Mordva, Maydan, Krutzy), as well as southern forest-steppe nature monuments (Golick and Kreyda na Zapadne) that protect calcareous steppe and lowered alpine plants. The alien flora of this group shows a relatively high similarity index (0.41-0.64). The third group includes reserves, Divnogorye and sanctuaries (similarity index 0.33-0.41). Voronezh PAs alien flora similarity analysis reflects peculiarities of the adventisation process in a different landscape and phytocoenotic forest-steppe environment.
Conclusions
The research reveals the composition of alien species in the flora of 16 model objects of Voronezh Region Nature Reserve Fund. The taxonomic diversity of the studied floras comprises 262 taxa, includ-ing 255 species, 5 hybrids, 1 subspecies and 1 variety, which involve 178 genera and 66 families.
In the floras of model PAs, 58% of all the alien species recorded in the flora of the region were detected. The average proportion of invasive species in PAs' flora lists is 11.1% (in different local floras it varies from 4.4% to 16.8%). If to consider stable flora elements only (excluding ephemerophytes and colonophytes), then the PAs local flora contamination ratio will make the average of 6.1% (from 3.5% to 8.9%).
The largest number of alien species is noted in the floras of state reserves and state nature sanctuaries, although these PAs have a stricter protective regime for natural complex protection. There are several reasons for this: 1) these PAs occupy a large area and are therefore characterised by a higher ecotopic and ecosystem diversity; 2) the exploration degree of floras in these territories is much higher; 3) reserves and sanctuaries were created in areas significantly transformed by economic activity in the past; 4) in the first decades of these PAs' existence many tree and shrub species were deliberately introduced into protected phytocoenoses. The high degree of contamination of local floras in federal PAs by alien species casts doubt on the reference character of protected natural complexes and their management efficiency.
42% Of invasive species appeared in the PAs as a result of spontaneous invasion, 31.7% of alien species are the ones that had left the cultivation area, 15% were deliberately planted, for 7 species (2.7%) the way they came to the area is unknown, and 22 species (8.4%) are characterised by a mixed way of introduction. The analysis of the alien species' ways of appearance proves that a large contribution to the enrichment of alien flora is made by human activities on the introduction and cultivation of plants. Whereas spontaneous invasion of species to PAs can hardly be prevented, the fallout of cultivation and extinction of ornamental and fruit plants can be controlled and can be avoided in most cases.
As a result of the analysis of the degree of alien species naturalisation it has been revealed that protected natural plant communities are still resistant to spontaneous introduction of alien species. A large number of alien species with a high degree of naturalisation belongs to the group of ergasiophytes. Transformers are of the greatest coenotic significance, out of 19 such alien species 11 are xenophytes and 8 species are ergasiophytes. In the federal PAs of the Voronezh region, which protect forest ecosystems, the formation of forests with alien species predominance was noted, and changes in the structure of plant communities caused by the impact of alien species were described. At present, the change of dominants in different synfolia of protected phytocenoses becomes a real possibility. The most successful invasive species in the preserved nature areas of Voronezh Region are the following: Acer negundo, Parthenocissus inserta, Parthenocissus quinquefolia, Amelanchier spicata, Robinia pseudoacacia, Sambucus racemosa, Bidens frondosa, and Fraxinus pennsylvanica.
For the state reserves of the Voronezh region, a demand has arisen to move from monitoring alien species to practical working on managing the process of alien plant invasion. Programs for the prevention of biological invasions should be part of the management plans of the PAs, and be included in government tasks for institutions that manage PAs. It is also important to forbid cultivating invasive species in the areas of nature reserves nor anywhere near PAs borders. To achieve such a complicated goal, complex measures have to be taken. These suppose developing ecological awareness of the local residents, getting local authorities support the PA-bordering territories. It will be necessary to study and implement the international experience in the removal of alien species from the places of their local growth in PAs. 
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